Manipulation of VEGF-induced angiogenesis by 2-N, 6-O-sulfated chitosan.
Emerging evidence suggests that vascular endothelial growth facto (VEGF) is important in the treatment of various ischemic and cardiovascular diseases. However, it often suffers from high cost and easy deactivation with a short half-life. Here, we describe a synthetic 2-N, 6-O-sulfated chitosan (26SCS) with a high affinity to VEGF promoting the binding of the signaling protein to its VEGF receptor 2 (VEGFR2), activating receptor phosphorylation and pro-angiogenic related genes expression, and further stimulating downstream VEGF-dependent endothelial cell viability, migration, tube formation and rat aortic rings outgrowth. Interestingly, the obvious recruitment of mural cells were occurred to stabilize the sprouted microvessels. In addition, the pro-angiogenic potential of 26SCS composited VEGF was confirmed in vivo using the chick embryo chorioallantoic membrane (CAM) assay with an extensive perfusable vascular network. A longer monitoring was administered subcutaneously to mice in a biocompatible gelatin sponge and showed that VEGF with 26SCS had the capability to efficiently enhance neovascularization. These findings highlight that 26SCS, the semi-synthetic natural polymer, may be a promising coagent with VEGF for vascular therapy. Vascular endothelial growth factor (VEGF) is crucial for facilitating angiogenesis to supply oxygen and nutrient during wound healing and tissue regeneration. However, appropriate use of VEGF is an ongoing challenge due to its rapidly clearance and severe side effects at higher dosage. In this study, we described a synthetic 2-N, 6-O-sulfated chitosan (26SCS) with a high affinity to VEGF, which could significantly promote its binding capacity to VEGF receptor 2 and further stimulate the angiogenic behavior of endothelial cells. We further confirmed that 26SCS was spatially combined with VEGF in a "lying manner", and this spatial arrangement was more conducive to exposure of the receptor binding domain of VEGF. Additionally, it also promoted in vivo angiogenesis in a chicken chorioallantoic membrane assay and mouse subcutaneous implant model. This strategy may afford a new avenue to enhance pro-angiogenic capacity of VEGF.